We have synthesized two photolabile arylazido-analogues of Ins(1,4,5)P, selectively substituted at the 1-phosphate group for determination of Ins(1,4,5)P3-binding proteins. These two photoaffinity derivatives, namely N-(4-azidobenzoyl)aminoethanol-l-phospho-D-myo-inositol 4,5-bisphosphate (AbaIP3) and N-(4-azidosalicyl)aminoethanol-l-phospho-D- 
INTRODUCTION
Ins(1,4,5)P3, which is generated from PtdIns(4,5)P2 by receptor- mediated activation of phospholipase C, releases Ca2+ from intracellular stores of different cells [1] [2] [3] [4] . Specific high-affinity Ins(1,4,5)P3-binding sites (Kd 1-5 nM) have been demonstrated in different cells [5] [6] [7] , most likely associated with the endoplasmic reticulum (ER) [1, 8, 9] . Direct evidence that Ins(1,4,5)PJ opens single Ca2+ channels has been obtained in bilayers into which vesicles from smooth-muscle sarcoplasmic reticulum had been inserted [10] . An Ins(l,4,5)P,-specific receptor protein purified from rat cerebellum [11] mediates Ca2+ flux in reconstituted lipid vesicles [12] . This Ins(1,4,5)P3 receptor protein has been immunocytochemically localized to ER in Purkinje neurons [13] . Re- cently, it was shown by primary structure comparison that the putative cerebellar receptor shows partial sequence identity with the skeletal-muscle ryanodine receptor [14] .
Ins (1, 4, 5) P3 is rapidly metabolized by a 5-phosphatase [15] and by a specific Ins(1,4,5)PJ 3-kinase [16] . Furthermore, Ins(1,4,5)P1 has been described to bind to aldolase A [17] , but the physiological importance of this interaction is not yet clear.
Studies on the Ca2+ release potency of different Ins(1,4,5)PJ analogues, such as Ins(2,4,5)P3 and sn-glycero(3)-1-phospho-Dmyo-inositol 4,5-bisphosphate [GroPIns(4,5)P2] [18] or its semisynthetic derivatives [19] revealed that the vicinal phosphate groups at positions 4 and 5 are essential for inducing Ca2+ release; the monoester phosphate at the 1-position apparently enhances the affinity for the receptor (reviewed in [2, 20] ). The naturally occurring Ins (1, 3, 4) P3 is inactive in releasing Ca2+ [21, 22] . An esterification of Ins(1,4,5)P, at the 4-or 5-phosphate group ['caged' Ins(1,4,5)Pj leads to inactivation of the Ca2+ releasing potential and resistance to phosphatase degradation [23] . The synthesis of an arylazido analogue of Ins(1,4,5)P3 which labelled three proteins of 80, 50 and 27 kDa in guinea-pig macrophages has already been described [24] . However, the substituted positions have not been defined in this case, and presumably were random at all three phosphate groups. Furthermore, it has not been demonstrated that this analogue is able to release Ca2 .
Owing to the structural requirements, an Ins(1,4,5)P3 analogue for specific binding and Ca2+ release should be substituted at, or close to, the 1-phosphate group. Therefore we synthesized two arylazido derivatives of Ins (1, 4, 5) PJ suitable for photoaffinity labelling by selectively attaching the photolabile group to the amino group of 2-aminoethanol(l)-1-phospho-D-myo-inositol 4,5-bisphosphate [AePIns(4,5)P2], which had been semisynthetically generated from GroPIns(4,5)P2 [19] .
We report here that the two novel photolabile Ins (1, 4, 5) myo-inositol 4,5-bisphosphate (AbaIP3) and N-(4-azidosalicyl)aminoethanol-l-phospho-D-myo-inositol 4,5-bisphosphate (AsaIP3), bind specifically to high-affinity binding sites in an ER fraction from rat pancreatic acinar cells and to crude rat cerebellar membranes. AbaIP3 induces Ca2+ release from intracellular stores in rat pancreatic ER and is only 10-fold less potent than Ins (1, 4, 5) 
Synthesis of AePIns(4,5)P2
This starting compound for the synthesis of both photolabile compounds was prepared from glycolaldehyde(2)-l-phospho-Dmyo-inositol 4,5-bisphosphate [GcaPIns(4,5)P2] by reductive amination. 'The preparation of the latter compound, the details of the Schiff-base formation, reduction and the purification by Dowex-1 chromatography were described previously [19] . For the amination, ammonium acetate, pH 6.0, and GcaPIns(4,5)P2 were mixed at final concentrations of 0.2 M and 4 mm respectively. The yield of AePIns(4,5)P2 was 65 %. The reductive amination product was purified by Dowex-I chromatography as described previously [19] . A further chromatography under identical conditions resulted in a product which was free from detectable sideproducts as deduced from h.p.l.c. analysis (see under 'Analytical methods' below). H.p.l.c. analysis after alkali hydrolysis (see under 'Analytical methods' below) resulted in a mixture of 78 % Ins(1,4,5)P3 and 22% Ins(4,5)P2, as expected for a compound with intact I-phosphodiester group and inositol ring structure. The carrier-free ammonium salt was dissolved in water and stored frozen or freeze-dried (-30°C) under N2.
Synthesis of AbaIP3 and AsaIP3
Synthesis of AbaIP3 and AsaIP3 was carried out in the dark or under dim red light at room temperature as follows. (Fig. 2b below) . H.p.l.c. analysis of the KOH hydrolysate of AbaIP3 revealed a mixture of 78 % Ins(1,4,5)P3 and 22 % Ins(4,5)P2 (Fig. 2c below) .
The synthesis of the other photoaffinity analogue, AsaIP3, was carried out using 4 ,umol of NHS-ASA instead of HSAB, essentially as described for AbaIP3. The yield of this compound was 56-60 % and the purity > 99 % as judged by h.p.l.c..
Synthesis of 3H-AbaIP3
Non-radioactive HSAB (5 pul) dissolved in dimethylformamide was added to 1 ml of [3H]AbaIP3 (sp. radioactivity: 24.5 Ci/mmol) varied between 1.4 and 2.0 %, as calculated from the recovery of radiolabelled material (setting 1 mCi to 100 %). The radiochemical purity of the purified product was > 99 % as deduced from the data in Fig. 2(d) .
Radioiodination of AsaIP3
The iodination of AsaIP3 was carried out using a modified solid-phase method [26] . AsaIP2 (5 nmol) in 130,u1 of 0.1 Mtriethylammonium acetate, pH 8.5 (incubation buffer), was rapidly mixed with 0.80 mCi of Na1251 (20 nmol) in 70 ,u of incubation buffer. The iodination was started with one Iodobead, which had been washed with water (3 ml) and incubation buffer (3 x I ml). After a 4 h incubation in the dark at room temperature the Iodo-bead was removed and washed with incubation buffer containing 30 % (v/v) ethanol (2 x 200 ,ul). The wash solution was combined with the reaction mixture, 400,1 of 0.1 M-NaI in incubation buffer were added and the crude radioiodinated product loaded on to a Q-Sepharose column (0.6 ml), equilibrated with 0.1 M-ammonium acetate (pH 5.0)/ 10% (v/v) ethanol/0.1 M-LiCl (equilibration buffer). The column was first washed with the equilibration buffer (6 ml), then with 1.2 M-LiCI in equilibration buffer (12 ml) and eluted with 0.1 M-ammonium acetate (pH 5.0)/40% (v/v) ethanol/ 1.2 M-LiCl (3 ml). Most of the radioactivity which was eluted in a single peak with the last eluent was pooled, the volume reduced to 200,ul by freeze-drying and applied to a column (0.5 cm x 17 cm) of Bio-Gel P2 for desalting. The radiochemical purity of the products eluted from this column in a broad peak was assessed by t.l.c. and autoradiography. Besides the desired product a small amount (< 10%) of a dephosphorylated derivative (AsaIP2) incompletely removed by the preceding anionexchange chromatography was detected in the earlier-eluted fractions. By pooling only the later-eluted fractions this contamination could be reduced to less than 4%. A very small radioactive spot migrating somewhat slower than AsaIP3 might be indicative of a small amount of doubly iodinated AsaIP3. The pooled fractions were twice freeze-dried from water to remove the ammonium acetate. The purified 125I-AsaIP3, with a specific radioactivity of 38 Ci/mmol, was stored at -30°C in water/ 10% ethanol.
Analytical methods
Total phosphate was determined according to the method of Lanzetta et al. [27] , with minor modifications. Aliquots (45 PI) of the fractions from the Q-Sepharose chromatography of the nonradioactive synthesis were dried at 110°C for 30 min in borosilicate tubes and then hydrolysed with 50 1l of 1. The purity and composition of the photoaffinity derivatives were analysed by h.p.l.c. with the metal-dye-detection (m.d.d.) method as described in [28, 29] . The acidic elution system with an upward-concave gradient from 0.2 to 500 mM-HCl containing 14 1sM-YCl3 (10 min, 2 ml/min) was used to separate the inositol phosphates. The solution for post-column detection of the phosphorylated compounds contained 1.6 M-triethanolamine (adjusted to pH 9.0 with HCI) and 0.2 mM-PAR, and was applied at a flow rate of 1.0 ml/min. The radiochemical purity of labelled analogues was also assessed by t.l.c. separation on polyethyleneimine (PEI)-cellulose in 0.8 M-triethylammonium hydrogen carbonate, pH 7.5. Photoaffinity labelling with 1261-AsaIP3
A fraction enriched in ER (11 000 g 'fluffy layer') was prepared from rat pancreatic acinar cells as described in [30] . For further purification the ER fraction was applied to a Percoll gradient as described in [31] . The ER fraction or the Percoll-gradient-derived fractions (500,ug of protein) were incubated with 30 nM-1261-AsaIP3 for 6 Vol. 272 The tips of the centrifugation tubes were cut into vials with 4 ml of scintillant (Rotiszint 22X) and, after vortex-mixing, the radioactivity was counted. Non-specific binding was determined in the presence of 2 /SM-Ins(1,4,5)P,. Other methods Protein was determined by the method of Bradford [35] , with BSA as the standard. SDS/PAGE was performed by the method of Laemmli [36] and gels were stained either with Serva Blue 250-R or with 250-G.
RESULTS

Synthesis of AbaIP3and AsaIP3
For synthesis of an Ins(1,4,5)P1 analogue suitable for photoaffinity labelling we chose HSAB, a hetero-bifunctional photoactivatable compound, originally used for photoaffinity labelling of peptide-hormone-binding sites [37] . This reagent has the advantage of being available both in non-radioactive and doubly tritiated form. An The absorption spectra of 3 /zM-AbaIP3 or 10 ,#M-AsaIP3 after u.v. irradiation at 254 nm for different periods are shown in Fig.  3 . The non-irradiated AbaIP3 shows a strong absorption with a maximum at 269 nm which almost completely disappeared after 5 s of irradiation. Non-irradiated AsaIP3 shows two absorption maxima at 267 and 305 nm, both of which declined rapidly after irradiation. From the molar absorbance coefficients of 4-azidobenzoylglycine and 4-azidosalicylglycine molar ratios of the substituents to Ins(1,4,5)P3 of 1.0:0.96 and 1.0:0.98 respectively were calculated. (Fig. 4a) and in a microsomal preparation of rat cerebellum (Fig. 4b) . As shown in Fig. 4(a) Fig. 4(b) shows that AbaIP8 also binds to a microsomal fraction of rat cerebellum. Its affinity (Kd = 300 nM) is about 7-fold lower than that of Ins (1,4,5) Fig. 5 (inset) Sb) , whereas fractions P3-P. showed no effect on Ca2+ release after addition of Ins(1,4,5)P3 (results not shown), when Ca2+ uptake into the vesicles was performed in the presence of 10-4 M, vanadate. The Ins(1,4,5)P3-induced Ca2+ release was most effective in fraction P1. whereas in fraction P2 Ca2+ release was only half of that obtained in P1 (Fig. 5b) .
Photoaffinity labelling of ER
For photoaffinity labelling of the high-affinity Ins(1,4,5)P3-binding protein(s) from the ER-enriched fractions (11 000 g 'fluffy layer', Percoll-gradient-derived vesicle fractions P1 and P2) from rat pancreatic acinar cells we used the 125I-labelled AsaIP3 (see the Materials and methods section). Incubation of the ER fractions with 30 nM-125I-AsaIP3, and subsequent photoirradiation resulted in the labelling of several proteins, as shown in the autoradiogram obtained after SDS/PAGE of the photolysed samples (Fig. 6a, lane 1) . The presence of an excess amount of DL-IP3S3 (5 x I0--M) during the incubation and photoirradiation almost completely abolished the labelling of proteins with apparent molecular masses of 37 and 49 kDa and partially that of a 31 kDa protein (Fig. 6a, lane 2) . The presence of 10-' M-Ins(I,4,5)P3 during incubation and photolysis also protected these proteins from labelling with '251-AsaIP3 (results not shown). The predominantly labelled protein banding at 68 kDa is very likely to be albumin, as photolabelling in the presence of 50,g of albumin resulted in greatly enhanced incorporated radioactivity in this band (results not shown). The Ins(1,4,5)P3-binding proteins could be separated by further subfractionation of the ER fraction on a Percoll gradient (Fig.   6a, lanes 3-6) . In fraction P1 only the 37 kDa protein was specifically labelled (Fig. 6a, lanes 3 and 4) . The Ins(1,4,5)P3-binding proteins with apparent molecular masses of 31 and 49 kDa were obtained in fraction P2 of the Percoll gradient (Fig.  6a, lanes 5 and 6) . The labelling of the 37 kDa protein with 1251_ AsaIP3 was specifically inhibited by DL-IP3S3 in a concentrationdependent manner. Counting of the incorporated radioactivity in the gel slices of the 37 kDa-protein area revealed that photolabelling in the presence of 10-4 M-DL-1P3S3 totally prevented the labelling of the 37 kDa protein, and the half-maximal effect (EC50) was achieved with 7.5 x 10-7 M-DL-1P3S3 (Fig. 6b ).
Photoaffinity labelling of Ins(1,4,5)P3 3-kinase The photoaffinity analogue 125I-AsaIP3 was used to label purified Ins(1,4,5)P, 3- 80 kDa (Fig. 6c, lane 1) , which has been identified as Ins (1, 4, 5 
